The six treatments were: (1) standard MPB bait alone, or in combination with (2) 3-carene, (3) 3-88 pinen-2-ol, (4) myrcene, (5) myrtenol, or (6) quercivorol. Traps were suspended from 2 m-long 89 poles, placed 15 m apart, and organized into treatment blocks. Blocks were set 100 m from each 90 other. Captured beetles were removed from the traps every 4 days. The location of the treatments 91 within blocks was rotated clock-wise by moving the positions of each trap including the bait at 92 every collection date. All baits are formulated to last 40-50 days in field conditions (Synergy 93 Semichemicals Inc., Burnaby, BC, Canada). Release rates of trans-verbenol, exo-revicomin, 94 3carene, 3-pinen-2-ol, myrcene, myrtenol, and quercivorol per 24-hrs at 20 °C (quercivorol at 25 95 °C) were determined by the Synergy Semiochemicals and are approximately 120 µg, 1.4 mg, 140 96 mg, 2 mg, 175 mg, 1.5 mg, and 3 mg, respectively. Pheromones were delivered in bubble caps, 97 which contain liquid bait in a reservoir with an impervious backing, and a thin plastic membrane 98 heat-sealed over the bubble, and monoterpene hydrocarbons were in sealed 5 mL low density 99 polyethylene vials. 100
Developing a trap-tree system. Trees baited with the standard MPB bait plus myrcene were 101 used to bait trees in the remaining two years of the project. In 2015, we used a grid pattern with 102 different densities of trap trees to investigate how MPB attraction is affected by the number ofD r a f t 6 formations) arranged in a linear transect at 1-km, 4-km, or 8-km distances between subplot 110 (subreplicates) boarders to evaluate the optimum distance between subplots. We kept the 111 maximum distance between subplots at 8 km because that approximates the current distance used 112 in Alberta. Each formation and distance combination was randomized and repeated three times in 113 different locations in Whitecourt (54°16.3' N, 116°13.0' W), Fox Creek (53°57.0' N, 116°50.9' 114 W), and Swan Hills (54°34.9' N, 115°29.7' W) in lodgepole pine-dominated forests, yielding 81 115 subplots and 351 baited trees. Plots were separated by a minimum of 10 km. 116
To determine the most efficient and effective trap tree system, the results of the 2015 study 117
determined which distance treatments were tested in 2016. The 2015 experiment revealed that the 118 square trap tree formation was best because it was more effective at concentrating beetle attacks 119 in a relatively small area (See Results section for details). In 2016, we selected 18 sites within the 120 same general study area as the first trap tree experiment, and tested the square formation at two 121 inter-subplot distances: 8 km and 12 km. We attempted to replicate each distance (e.g., 8 km -8 122 km -8 km) three times on the landscape, but due to lack of suitable stands, set up two replicates 123 of the 8 km treatment and 3 replicates for the 12 km treatment. All treatments were applied at 124 random. A total of 72 trees were baited. Plots were separated by a minimum of 15 km. 
Data analysis 138
Mann-Whitney U and Kruskal-Wallis tests were used to determine the attractiveness, measured 139 as mean captures per trap day, of the baits to MPB using flight intercept traps, respectively. These 140 tests were bootstrapped using within-group resampling and 10,000 iterations from which a p-141 value was calculated as the proportion of non-significant test iterations. 142
For the field experiment in 2015, chi-squared tests were used to evaluate two-way 143 contingency tables constructed from a treatment (either formation or distance treatment) variable 144 and a response variable (either attacked/non-attacked trap trees or mass-attacked/non-mass-145 attacked trap or spillover trees). Chi-squared tests were also used to evaluate the proportion of 146 spillover trees (relative to all spillover trees) in formation and distance treatments separately. 147
Differences between treatment levels were tested for significance using pairwise chi-square tests 148 using a Bonferroni-adjusted α (0.017). Variation in mean MPB attack density on trap trees and 149 spillover trees among formation and distance treatments was tested for significance using mixed 150 effects analysis of covariance (ANCOVA), with formation, shape, and lodgepole pine basal area 151 and density as fixed effects, and plot designation as a random effect. Separate linear mixed 152 effects models for responses variable of the mean number of spill over trees and MPB attack 153 density on spillover trees were used to test their statistical relationship to fixed (mean MPB attack 154 density on trap trees, lodgepole pine basal area and density) and random (plot designation) 155 factors. Response variables were log(x+1)-transformed as needed to satisfy models assumptions. 156
When used, these transformations satisfied model assumptions. Differences in mean lodgepoleD r a f t 8 pine basal area and density were analyzed using separate two-way ANOVAs each testing 158 formation and distance treatment main-effects and formation-distance interactions. 159
For the 2016 field experiment, differences in mean MPB attack density on trap trees and 160 spillover trees between distance treatments were tested for statistical significance using Mann-161 Whitney U tests. These tests were also used to assess differences in lodgepole pine basal area and 162 density between treatments, and tests were bootstrapped in the same manner as described above. 163
Differences in mean lodgepole pine basal area and density between distance treatments were 164 tested for significance using bootstrapped Mann-Whitney U tests as above. 165
All analyses were performed within the R software environment version 3. P<0.001) and was 28% and 129% greater in the rectangle than in the square and triangle 193 formations, respectively ( Fig. 2A) . The proportion of spillover trees also differed among distance 194 treatments (χ 2 (2)=24.33, P<0.001) and was 80% and 140% greater in the 1-km and 4-km 195 treatments, respectively, than in the 8-km treatment (Fig. 2B) . 
